ABSTRACT
INTRODUCTION

43
Microbial metabolic activities are the basis of almost every major biogeochemical cycle 44 in the oceans, and as the research community transitions away from purely descriptive studies of 45 marine microbes to system-level investigations of community activity and responses to changing 46 environmental conditions, it is imperative that we obtain less biased samples for those studies.
47
As a consequence of the fact that the majority of microorganisms are not amenable to existing 48 cultivation approaches, many marine microbiologists and microbial ecologists have embraced 49 culture-independent methods. Metatranscriptomics, or the isolation and sequencing of messenger 50 RNA (mRNA) from an environmental sample, is one powerful method currently used for linking 51 diversity with activity, and for examining microbial activities in response to changing conditions.
52
Metatranscriptomics provides an overview of (at a minimum) the most highly expressed genes in 53 a sample. These transcripts inform about the metabolic pathways that are utilized by microbiota 54 in that sample at the time of sample preservation, and specific proteins that were expressed.
55
Enabled by recent advances in high-throughput sequencing technologies and bioinformatics for 56 processing datasets that can contain tens of millions of reads, metatranscriptomics has become 57 one of the most powerful tools for examining microbial community activities.
58
The metatranscriptomics approach has been used successfully to examine gene 59 expression in varied marine habitats. Examples include deep subsurface sediments (Orsi, et al., (Ulloa, et al., 2012) , coastal waters 62 (Hollibaugh, et al., 2010 , Gifford, et al., 2011 , hydrothermal vent plumes , 63 microcosm experiments on mixed water layers from the NE Pacific Ocean (Marchetti, et al., 64 2012). Metatranscriptomics was also recently used to study microbial responses to the Deep lack thereof) for responding to such changes. Given that average lifetimes of prokaryotic 89 transcripts can be on the order of several minutes (Wang, et water sample in situ from 120m depth (Feike, et al., 2012) , samplers that collect hydrothermal 104 vent fluids (e.g., Malahoff, et al., 2002 , Phillips, et al., 2003 , Taylor, et al., 2006 , AUV
105
(autonomous underwater vehicle) based water samplers (Bird, et al., 2007 , Ryan, et al., 2010 106 those that conduct in situ molecular analyses, such as the Environmental Sample Processor (ESP) 107 (Scholin, et al., 2006 , Roman, et al., 2007 , Scholin, 2010 , assess phytoplankton assemblages via 108 imaging flow cytometry 
MATERIALS AND METHODS
136
Study site: The Ionian Sea extends from the Sicily Strait to the Cretan passage, in the Eastern
137
Mediterranean Sea, which is characterized by an eastward progression of increasingly 138 oligotrophic conditions (Sarmiento, et al., 1988 , Danovaro, et al., 1999 , Thingstad, et al., 2005 .
139
The study was conducted using samples collected at a site named KM3 ethanol was added and the manufacturer's instructions were followed for remaining steps. The 
225
Taxonomic assignments of contigs were made using PhymmBL (Brady & Salzberg, 2009 
RESULTS
245
Study site: At 2222m depth, the water temperature was 13.81°C, and salinity was 38.723 PSU. and conversion (4.9-6.4%) (Figure 2 ).
289
The degree of variation in gene expression profiles, defined here as the relative 290 abundance of annotated transcripts, between the three MS-SID replicates was assessed using the
291
DEGseq package, which revealed 9.2-9.8% variation in pairwise expression profiles (relative were expression levels higher (0.015 and 0.005%, respectively) in the Niskin sample.
320
Analysis of variation in relative transcript abundance obtained with the Niskin sample vs.
321
the three replicated samples that were preserved in situ with the MS-SID was performed for both 322 the dominant bacterial group, the Gammaproteobacteria, and the dominant eukaryotic group,
323
Fungi, using the DEGseq package (Wang, et al., 2009 ). These analyses revealed that 75% of the Gammaproteobacteria, which appear to be one of the dominant bacterial groups in our samples, illustrates that sensitivity to sample handling is variable between taxa. translation, transcription, and viability are repressed by increases in pressure (Bartlett, 2002) .
478
Less is known about decompression effects on microorganisms. We observed lower expression hyperthermophile Thermococcus barophilus upon decompression (Marteinsson, et al., 1999) . bacteria (Bartlett, 2002) , it stands to reason that transcription of many types of genes may also be 500 affected by decompression for potentially, a wide range of taxa.
501
Lipid membranes are also known to be sensitive to pressure effects since lipids are highly 502 compressible (Weber & Drickamer, 1983) , and during decompression, the bacterium Colwellia 503 responded by forming intracellular vesicles and releasing membrane fragments into the medium,
504
followed by cell lysis (Chastain & Yayanos, 1991 and this decline is thought to be attributed to reductions in diversity and quantities of available 517 food, and potentially also due to pressure effects (Patterson, et al., 1993 
